The negative-geotaxis climbing assay is used to efficiently study aging and neurodegeneration in Drosophila. To make it suitable for large-scale study, a method called the rapid iterative negative geotaxis (RING) assay has been established by simultaneously photographing the climbing of multiple groups of fl ies when they are manually tapped down in test tubes. Here, we automated the assay by using a well-controlled electric motor to drive the tapping, and a homemade program to analyze the climbing height of flies. Using the automated RING (aRING) assay, we found that the climbing ability of a strain of wild-type fl ies, males in particular, declined rapidly before day 21 after eclosion, but slowly from day 21 to 35. We also found that the expression of arctic mutant Aβ 42 accelerated the age-dependent decline in the climbing ability of fl ies. Moreover, using aRING, we examined the effect of third chromosome defi ciencies on the accelerated locomotor decline in Aβ 42 -expressing fl ies, and isolated 7 suppressors and 15 enhancers.
INTRODUCTION
Drosophila has been widely used to model human neural diseases, test chemical compounds for disease modulation, and study the genetics of aging [1] [2] [3] [4] . In the modeling of Alzheimer's, Parkinson's, and other neurodegenerative diseases with Drosophila, disease-causing proteins or peptides are expressed in neurons, resulting in neuropathological changes and behavioral alterations [5] . However, the traditional climbing assay is tedious and time-consuming, unsuitable for large high-throughput studies, and has potential variations of the manual force used to tap down the flies and other limitations. To overcome these limitations, Grotewiel and colleagues developed a new method for the climbing assay, named the rapid iterative negative geotaxis (RING) assay [6] , in a system that can automatically tap fl ies down [7] . However, similar to the traditional climbing assay, only one group of flies can be examined during a single test, and only the percentage of flies having climbed above a predefined height is calculated.
Compared to the traditional climbing assay, the RING assay is much more powerful and can quantify the performance of all flies in many different groups simultaneously. However, in the RING assay, fl ies are still manually tapped down to the bottom of test tubes, and the average climbing height of each group is acquired using multiple programs.
To make the RING assay more effi cient, in this study we automated it by using a small electric motor to drive the RING apparatus for tapping down flies, and a digital video recorder and a homemade program for measuring the climbing height of each individual fly and calculating the average height of all fl ies in the same test tube. Then the automated RING (aRING) assay was used to test the climbing ability in a recently developed Drosophila model of Alzheimer's disease [8] and to genetically screen for potential modifi ers of the climbing ability phenotype.
MATERIALS AND METHODS
The Automated RING Apparatus and Associated Equipment The modified RING apparatus consists of a rectangular metal frame (32 cm × 21 cm × 6 cm) that can hold 10 transparent plastic tubes (2.1 cm in diameter, 19.0 cm in height), each secured on the frame by a screw (Fig. 1A) .
The associated equipment includes a horizontal metal base with two metal rods and a foam bar attached to it, a small electric motor, a 2PH micro-step driver (type: 2M2260, Doall Industrial Parts and Equipment, Wuxi, China) and an electronic digital display controller (type: MTPG2-5E2N, Xin'er Electronic, Yueqing, China) (Fig. 1A) . The controller controls the step driver, which drives the small electric motor to run 2 rounds in 3 s so that the lever attached 
Automated RING Assay
The aRING assay was conducted in a way similar to that described by Gargano et al. [6] . Flies were collected under brief CO 2 anesthesia (1-2 min) and allowed to recover 
Data Analyses and Statistical Tests
Digital videos of aRING were imported into a PC, displayed averaged to generate a single data point. As described by Gargano et al. [6] , negative geotaxis scores obtained from aRING displayed a Gaussian distribution (data not shown), and standard parametric tests in Prism (GraphPad software) were used to assess statistical significance. P <0.05 was considered to be statistically signifi cant. transgenic flies [8] was purified by crossing to an isogenic 
Fly Stocks and Genetics

RESULTS
Using aRING, we first found that the climbing height of wild-type fl ies at the age of 7 days was linearly correlated with the climbing duration ( Fig. 2A) , while the position of the test tubes in the RING apparatus did not affect the negativegeotaxis scores (Fig. 2B) . The climbing heights of flies of the same gender and age in three consecutive experimental sets were consistent (Fig. 2C) . We also examined the climbing ability in another two groups of wild-type fl ies at the same age using traditional RING, and found no signifi cant difference when compared to those acquired with aRING ( Fig. 2D ). Similar to traditional RING, aRING did not cause injury to the tested fl ies as manifested by the survival rate (Fig. 2E ). These fi ndings are consistent with the reports of Grotewiel and his colleagues [6, 9] . Please note that the linear correlation between climbing height and duration lasted for the fi rst 10 s rather than 5 s; this was due to the difference in the length of test tubes, and that the climbing speed of our fl ies was faster than that in their studies, perhaps due to the rougher inner wall of our test tubes.
Then, we conducted the RING assay on isogenic wildtype (w 1118 ) fl ies at the ages of 7, 14, 21, and 35 days after eclosion. We plotted the climbing height against climbing duration, and found an age-dependent decline of climbing ability in both male and female fl ies (Fig. 3A) as expected.
Interestingly, the decline of climbing ability was rapid from days 14 to 21, particularly in males, but relatively slow from days 21 to 35 (Fig. 3A) , indicating a rapid locomotor decline during aging from day 14 to 21. The same conclusion was made by comparing the climbing heights at 5 s after the initiation of the negative geotaxis (Fig. 3C) .
We have previously reported that wild-type fl ies exhibit an age-dependent decline in flight ability, and expression of the wild-type (Aβ 42 ) and arctic mutant form (Aβ arc ) of beta amyloid 42 in the neurons of the giant fi ber system and a subgroup of neurons elsewhere in adult flies accelerates this decline in association with age-dependent alterations of synaptic structure and function [8, 10, 11] . To investigate whether the age-dependent decline in climbing ability could be affected by the expression of Aβ arc in these neurons, we (Fig. 3A&B) , although the climbing ability of all four groups was not significantly different from each at the age of 7 and 14 days (Tables 1-3) . Therefore, expression of Aβ arc in the giant fi ber system also accelerated the age-dependent decline of climbing ability. Again, the same conclusion can be made by comparing the climbing heights at 5 s after initiation of the negative geotaxis in Aβ arc -expressing flies with those in control fl ies (Fig. 3C) . (Table 4) . Interestingly, two enhancers (stock numbers 23714 and 24137) cover the same gene CG3731, whose protein product is a homolog of the mammalian peptidase (mitochondrial processing) beta (PMPCB). The inhibition of its processing of the presequences of mitochondrial proteins was proposed to be a general mechanism for diverse Aβ-induced mitochondrial dysfunctions [12] . Nevertheless, it should be pointed out that the genetic backgrounds of the deficient lines might differ from each other, and from wild-type and Aβ arc flies, so further experiments are needed to validate these suppressors and enhancers.
DISCUSSION
In this study, we automated the RING assay by using a small electric motor to drive the tapping of the RING apparatus, using a digital video recorder, and writing a program to measure the climbing heights of individual fl ies and the average value. Our aRING assay is superior to the traditional RING assay [6] and the automated climbing apparatus [7] in the following ways: (1) automatically tapping flies down in a highly reliable and reproducible way; (2) simultaneously testing many groups of flies with different With the aRING assay, we found that the tested fl ies exhibited a distinct age-dependent decline in climbing ability, whether controls or expressing Aβ arc , and the rate of decline was not linear when flies, males in particular, were aging from day 7 to 35. The climbing ability declined rapidly from day 14 to 21 but was slower from day 21 to 35, indicating a turning point of the decline rate from day 14 to 21 after eclosion. Also, the decline rate was clearly faster in 
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